###### Strengths and limitations of this study

-   This systematic review will be the first to evaluate effectiveness of intraoperative peritoneal lavage with saline in patients with intra-abdominal infections.

-   Studies will be obtained from a wide range sources including electronic databases, clinical trial registry platforms, Google Scholar, reference lists of relevant reviews and grey literature.

-   This systematic review protocol has been designed according to the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols.

-   Methodological biases in the included primary studies may cause uncertainty in the results of the present study.

Introduction {#s1}
============

Intra-abdominal infections (IAIs) are a series of infectious diseases caused by the invasion of bacteria into the abdominal cavity and organs, which representing with a wide spectrum of pathological conditions,[@R1] of which, appendicitis is one of the most common symptoms with the world prevalence of 7%--8%.[@R2] In some cases, infection will extend beyond the organs and cause either localised or diffuse peritonitis; then it develops into complicated IAIs (cIAIs), leading to sepsis, multiple organ dysfunction syndrome and even death.[@R1] The mortality rate of IAIs varies with the infection location, pathogen type and inflammation extension.[@R5] A multicentre study of 68 medical institutions showed the overall mortality of cIAIs was 10.5%.[@R7] While another multicentre study of 132 medical institutions indicated that the progression to septic shock would significantly increase the fatality rate of cIAIs from 1.2% to 67.8%.[@R2] In line with this, more and more institutions have developed guidelines to manage IAIs, such as the World Society of Emergency Surgery,[@R8] the Surgical Infection Society[@R10] and the French Society of Anesthesia and Resuscitation.[@R11]

In general, principles of effective treatment in IAIs include early recognition, adequate source control and appropriate antimicrobial therapy,[@R8] of which, source control is the core. Since the concept of intraoperative peritoneal lavage (IOPL) was first proposed by Price,[@R12] its clinical effectiveness on patients with IAIs has been investigated by some authors; however, it still be a controversial issue. Some authors argued that peritoneal irrigation would increase the risk of abscess rate and may just be a ritual that with no biological advantages, but others argued that dilution is the solution of the pollution.[@R13] Published systematic reviews only focused on the complex appendicitis instead of addressing problems of IAIs, and they did not account for the major outcomes.[@R15] Thus, with the limited evidence from the literature, there is no clear consensus. Moreover, until now, published clinical practice guidelines are not sure whether it is necessary to irrigate the source of infection during the IAIs surgery.[@R8]

Therefore, the purpose of this study is to perform a comprehensive systematic review and meta-analysis to explore whether it is beneficial to flush the abdominal cavity with saline in IAIs surgery, and finally provide evidence support for IAIs guidelines.

Objective {#s2}
=========

The primary objective of this systematic review is to synthesise the current evidence on the effectiveness of IOPL in patients with IAIs and to provide evidence support for clinical practice guidelines and clinical decision making.

Methods {#s3}
=======

Protocol for this systematic review and meta-analysis was prepared complying with the Centre of Reviews and Dissemination guidelines[@R17] and reported according to the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols.[@R18]

Eligibility criteria {#s3-1}
--------------------

### Study characteristics {#s3-1-1}

This systematic review will include randomised controlled trials (RCTs), quasi-randomised clinical trials and cohort studies which comparing IOPL and suction alone. Also, these studies should report data of major clinical outcomes and details of irrigation. Duplicates and full-text unavailable due to specific reasons will be excluded. Studies with specific data missing will also be excluded.

### Participants {#s3-1-2}

Patients diagnosed with IAIs will be included, without restrictions on age, race, gender and geographical location or setting.

### Interventions {#s3-1-3}

This systematic review will include studies which comparing IOPL with suction alone, and the used irrigation can be low, warm and normal temperature saline or Ringer's solution. Studies of all patients received the same antibiotic therapy postoperatively or preoperatively will be included. In this systematic review, we will exclude trials if patients in the intervention group received irrigation mixed with antibiotics or combined with drainage.

### Outcomes {#s3-1-4}

The primary outcomes are mortality and abscess rate. The secondary outcomes include wound infection, postoperative complications, postoperative duration of stay, operative time, hospital charges, reoperation and readmission. In terms of postoperative complications' incidence, it not only includes infectious complications such as abscess rate and wound infection, but non-infectious complications such as bowel obstruction also will be included.

Search methods for study identification {#s3-2}
---------------------------------------

### Search approach {#s3-2-1}

A set of search terms will be drawn up by an experienced librarian, and a comprehensive search will be independently performed by two reviewers from inception to 8 September 2019 in the following electronic databases: the Cochrane library, MEDLINE (via PubMed), EMBASE, Web of Science, CBM (China Biology Medicine disc), CNKI (China National Knowledge Infrastructure) and Wanfang Data.[@R19] There will be no language and publication status restrictions. We will also search clinical trial registry platforms (the WHO Clinical Trials Registry Platform (<http://www.who.int/ictrp/en/>), US National Institutes of Health Trials Register (<https://clinicaltrials.gov/>)), Google Scholar (<https://scholar.google.nl/>) and reference lists of relevant reviews and grey literature for unpublished or further potential studies. Detailed inclusion and exclusion criteria are presented in [table 1](#T1){ref-type="table"}.

###### 

Inclusion and exclusion criteria

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Inclusion                                                                                                      Exclusion
  -------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Patients diagnosed with IAIs, without restrictions on age, race, gender and geographical location or setting   Full-text unavailable due to specific reasons

  Comparing IOPL and suction alone                                                                               Specific data missing (contacting study authors for missing information. If we have not received relevant information in 20 days, we determine that data are specific missing)

  Studies                                                                                                        Duplicates \
                                                                                                                  \
                                                                                                                  \
                                                                                                                  \
                                                                                                                  

   Randomised controlled trials                                                                                  

   Quasi-randomised clinical trials                                                                              

   Cohort studies                                                                                                

  Published language and status: no restriction                                                                  

  Published year: from inception to 8 September 2019                                                             
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IAI, intra-abdominal infection; IOPL, intraoperative peritoneal lavage.

### Search strategy {#s3-2-2}

In order to achieve the most inclusive search, the search strategy will be peer reviewed by a second information specialist. Our search strategy will be performed using the medical subject heading terms and text words combined in a Boolean search. More strategy details can be found in the [online supplementary file 1](#SP1){ref-type="supplementary-material"}.
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### Selection of studies {#s3-2-3}

After eliminating duplicates, two reviewers will independently perform searches by two steps, any discrepancies will be settled by discussion or consulting a third reviewer. The specific bibliographic software EndNote will be used. Prior to the formal selection, a pilot of 50 random sample citations will be conducted until sufficient agreement will be reached.

In step 1, all titles and abstracts will be screened using the predefined criteria, studies will be subcategorised into three (included, excluded and unsure) groups. For articles with insufficient information, reviewers will retrieve the full-text in the next stage. In step 2, full-texts of those potentially eligible and unclear studies will be reviewed to identify the final inclusion. All the reasons for exclusion of ineligible studies will be recorded, the process of study selection will be documented using a Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.[@R18]

### Data extraction {#s3-2-4}

Two reviewers will extract data independently with a standard data collection form, any disagreements will be resolved by consensus, and a third reviewer will check for data's consistency and accuracy. Before the formal extraction, the form will be piloted on a random sample of five included studies and the final version will counselling with clinicians.

Data extracted will include: (1) basic information: title, first author, publication year, funding and study design; (2) participants: baseline characteristics and inclusion/exclusion criteria of patients; (3) details of the intervention and control conditions; (4) outcomes: for dichotomous, we will abstract the number of events and total participants in per group; for continuous, we will abstract mean, SD and the number of total participants in per group. Outcomes with zero event will be reported, but theses will be excluded from analysis. For missing data or reported in an unusable way (eg, when a study is identified as abstract only or data are not available for subgroups), we will summarise them in the table and deal with them according to the strategies outlined in the data synthesis section.

### Risk of bias in individual studies {#s3-2-5}

For included RCTs, two reviewers will assess the risk of bias independently using Cochrane risk-of-bias tool,[@R20] any disagreements will be discussed in a consensus meeting. It consists of seven domains: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective outcome reporting and other bias. For each, we will grade as 'low', 'unclear' and 'high'. For those included non-RCTs, ROBINS-I tool will be used.[@R21] ROBINS-I is a new tool for evaluating risk of bias that studies did not use randomisation to allocate units. It consists of seven domains: bias due to confounding, bias in selection of participants, bias in classification of interventions, bias due to departures from intended interventions, bias due to missing data, bias in outcome measurement and bias in selective reporting. For each, we will grade as 'low risk', 'moderate risk', 'serious risk', 'critical risk' and 'no information'.

We will also follow the principles of the risk of bias overall assessment, using above tools to produce a 'risk of bias' summary table, which including each item, judgement and support for the judgement. The higher proportion of studies assessed as high risk, the more cautious should be used to analyse and interpret results and the grading of the quality of evidence will be lower.[@R20]

### Quality of the evidence {#s3-2-6}

Two reviewers will assess the quality of evidence independently using the Grading of Recommendations Assessment, Development and Evaluation (GRADE). We will produce 'summary of findings' table using the GRADEpro software.[@R22] This table will include overall grading of evidence body and each prespecified outcome that will be accounted for meta-analysis.

In this approach, direct evidence from RCTs begins at high quality, while observational study begins at low; however, the overall quality will be analysed on five down-grade considerations (study limitations, consistency of effect, imprecision, indirectness and publication bias) and three up-grade considerations (large magnitude of effect, dose--response relation and plausible confounders or biases).[@R24] Hence, the quality of evidence will be classified as high, moderate, low and very low, which will be reflecting to what extent that we are confident the effect estimates are correct.

Data synthesis {#s3-3}
--------------

### Meta-analysis {#s3-3-1}

In this systematic review, if the data are similar enough for pooling to make sense, we will consider meta-analysis by using Stata V.14 software (Stata Corp LLC)[@R30]; however, if data are too heterogeneous, a qualitative synthesis will be done in our systematic review. For dichotomous data, we will analyse risk ratios with 95% CIs; for continuous data, we will analyse mean difference (MD) or standardised MD with 95% CI, depending on whether the same scale was used. In terms of missing data, we will correspondence with study authors or calculate them according to the Cochrane Handbook for Systematic Reviews of Interventions.[@R31] For example, we will calculate missing SD from SE, 95% CI or p values, and if IQR and medians are provided, we will impute missing mean from the median and then calculate the SD. If none of these options are available, we will impute from other meta-analysis or through modelling if linear regression exists to find the data. When the missing data cannot be found through the above methods, the study will be excluded.

As clinical and methodological heterogeneity is expected in the study design, characteristics of participants, interventions and outcome measures, we will use random-effects model[@R32] and the level of statistical significance will be set at p\<0.05 with two-sided. Statistical heterogeneity will be assessed by forest plot and using the χ^2^ and I² to test. A value of I² from 0% to 40% represents 'not important'; 30% to 60% represents 'moderate'; 50% to 90% represents 'substantial'; 75% to 100% represents 'considerable', and heterogeneity will be defined with p\<0.10 and I^2^\>50%. If we detect heterogeneity, we will perform subgroup and sensitivity analysis to explore the reasons. To avoid the publication bias, the first strategy is to perform the most inclusive search in the search stage. If sufficient number of studies (at least 10 trials) are available,[@R31] we will use funnel plots and Egger regression test to assess publication bias, and significant results (p\>0.1) shall suggest significance.[@R33]

### Subgroup analysis {#s3-3-2}

We plan to carry out the following aspects of subgroups analysis:

1.  The area of IAIs. There are different pathological conditions in IAIs, including infections of single organ, peritonitis and intra-abdominal abscesses. They vary from anatomy of infected site to extension of inflammation (localised, diffused or mixed). Thus, for different IAIs, efficacy of IOPL maybe various.[@R1]

2.  Type of patients. Due to the underdeveloped immune system and low drug metabolism, principles of treatment and IAIs clinical manifestations are different in children and adults. Therefore, it is essential to explore the differential impact of IOPL among children and adults.

3.  Study design. In a multicentric cohort study (n=669), results showed that comparing with suction alone, peritoneal irrigation was associated with a lower rate of postoperative abscess in children with perforated appendicitis.[@R34] However, a prospective RCT (n=100) suggested that children with complicated appendicitis, there was no difference infectious complication rates between two groups.[@R35] Therefore, it is necessary to carry out subgroup analysis in study design.

### Sensitivity analysis {#s3-3-3}

We will also plan to perform multiple sensitivity analysis to assess the robustness of our findings.

1.  Excluding studies with low-quality (RCTs at high risk of bias and non-randomized control trails (non-RCTs) at critical risk of bias).

2.  Excluding trials in which mean or SD, or both of them were imputed for missing data.

3.  Excluding trials in which low temperature normal saline was used.

Reporting {#s4}
=========

We will follow the PRISMA statement to report our findings.[@R36]

Discussion {#s5}
==========

According to the best of our knowledge, this systematic review will be the first to investigate the clinical effectiveness of IOPL with saline in patient with IAIs. In the world wide, IAIs have caused increasing morbidity, decreasing quality of life and having a significant financial cost, which bring huge burden per year for patients, clinicians, caregivers and society.[@R2] Since the concept of IOPL was first proposed in the 20th century, it has been widely used in surgical practice; however, its clinical efficacy was controversial until now. In the published guidelines, there were no consensus and existing recommendations were opposite.[@R8] Previous systematic reviews only focused on the complex appendicitis and did not take the major outcomes such as mortality and reoperation into consideration.[@R15]

Therefore, given such an urgent demand, a systematic review including a comprehensive review of literature, rigorous evidence synthesis by multiple authors and meta-analysis to obtain estimate of treatment effects for patient-important outcomes, and to guide how can we provide evidence-based treatment for IAIs in the future. To ensure the transparency of the systematic review, prospective registration and protocol are necessary.[@R37] We will ensure that our study will provide rigorous evidence regarding whether it is beneficial to flush the abdominal cavity with saline in IAIs surgery. It may also allow to identify research gaps through the literature and to definite future research goals.

Ethics and dissemination {#s6}
========================

There will be no research ethics required for this systematic review protocol due to no patient data being collected. Results obtained from this study will be published in a peer-reviewed journal, presented at relevant conferences and disseminated to local and international policy makers.
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